
REMARKS 

Reconsideration and allowance are respectfully requested in 
light of the above amendments and the following remarks. 

This amendment cancels claims 13-18 in favor of new claims 
19-30 to highlight further patentable aspects of this invention. 
The new claims have been drafted to overcome the rejections under 
35 USC 112 , first paragraph. The subject matter of the new 
claims is supported at least at application page 8, line 21-page 
9, line 17, and page 17, line 21 -page 19, line 21, and in Fig. 3 
and Fig . 5 . 

Changes to Fig. 1 and a substitute specification with marked 
up copy are presented in order to overcome the objections in the 
office action. In Fig. 1, the reference numeral 110 has been 
added for the un-ref erenced P/S converter and the legend "prior 
art" has been added. The specification has been corrected with 
respect to typographical errors to overcome the objection in 
section 1 of the office action. 

A new Abstract is also presented as required in the office 
action . 

Claims 14 and 16 were rejected under 35 USC 103(a) as 
unpatentable over Bussgang. Claim 15 was rejected under 35 USC 
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103(a) as unpatentable over Riddle. There was no substantive 
examination of claims 13, 17 and 18 due to the 35 USC 112, first 
paragraph, rejection. It is submitted that the new claims 19-30 
are allowable over the applied prior art for at least the 
following reasons . 

Bussgang et al. fail to disclose inputting of first 
information and second information of varying importance through 
respective routes. Although Fig. 1 of Bussgang shows inputting 
8-bit data of varying importance into P/S converter 12, these 
data are not input through separate routes. Thus, Bussgang et 
al. fail to disclose or suggest the present claimed subject 
matter which includes a feature of first and second information 
of different importance input through respective routes . 

Riddle has been cited for a teaching of a retransmission 
technique. However, the present claims do not recite 
retransmission. Riddle fails to cure the above-noted 
deficiencies of Bussgang et al . 

For at least the above reasons, it is submitted that the 
present claims are allowable over the individual or combined 
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teachings of Buss gang et al. and Riddle. A notice of allowance 
is respectfully solicited. 

If any issues remain which may best be resolved through a 
telephone communication, the examiner is requested to telephone 
the undersigned at the local Washington, D.C. telephone number 
listed below. 



JEL/att 

ATTORNEY DOCKET NO. JEL 31206 

STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 

1615 L STREET, NW, Suite 850 

WASHINGTON, DC 20043-4387 

Telephone: (202) 785-0100 

Facsimile: (202) 408-5200 



Respectfully submitted , 




Date: May 28, 2004 



James E. Ledbetter 
Registration No. 28,732 




— ABSTRACT OF THE DISCLOSURE 
In a modulation method such as 8PSK or a 16PSK in which a 
sender device expresses a symbol by using three or more bits, 
important information is arranged at least at only one of the 
first and second bits, a receiver device extracts the important 
information from at least one of the first and second bits of the 
received signal, and thereby communication control is carried out 
based on the important information. — 
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TRANSMITTING/RECEIVING DEVICE AND TRANSMITTING/RECEIVING METHOD 
echnical Field 

The present invention relates to a transmission/reception 
apparatus, and in particular, to a transmission/reception apparatus 
for an Orthogonal Frequency Division Multiplexing system 
(hereinafter referred to as "OFDM transmission/reception 
apparatus 11 ) . 



Background Art 

A conventional OFDM transmission/reception apparatus is 
explained with reference to FIG.l below. FIG.l is a block diagram 
illustrating a configuration of a conventional OFDM 
transmission/reception apparatus. 

In FIG.l. parallel-serial converter (hereinafter referred to 
as "P/S converter") 101 inserts important information into 
transmission data. This important information refers to a kind of 
information normal communication of which is likely to be difficult 
to be maintained if the other end of communication has a poor error 
rate characteristic during reception. That is, the important 
information above is a kind of information requiring a better error 
rate characteristic than other information (transmission data, for 
example) . 
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An example of the important information above is 
retransmission information or control information, etc. 
Retransmission information refers to information retransmitted to 
the other end of communication according to a retransmission 
command issued by the other end of communication. Control 
information refers to information used for the user at the other 
end of communication to reliably receive an appropriate signal. 
Examples of control information can be information indicating 
bursts in a communication frame to be received by the other end of 
communication and information indicating the current modulation 
system during adaptive modulation, etc. 

Serial-parallel converter (hereinafter referred to as "S/P 
converter") 102 converts the transmission signal, which is the 
output of P/S converter 101, to a plurality (here 4) of signals. 

Mapping circuits 103 carry out primary modulation on the 
signals from S/P converter 102 and send the primary-modulated 
signals to Inverse Fast Fourier Transform (hereinafter referred to 
as "IFFT") circuit 104. IFFT circuit 104 performs inverse Fourier 
transform processing on the primary-modulated signals. D/A 
converter 105 converts the transmission signal, which is the output 
of IFFT circuit 104, to an analog signal. 

On the other hand, A/D converter 106 converts a reception 
signal to a digital signal and sends it to Fast Fourier Transform 
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(hereinafter referred to as "FFT") circuit 107. FFT circuit 107 
performs Fourier transform processing on the output signal of A/D 
converter 106. 

Delay detectors 108 perform delay detection processing on the 
subcarriers obtained by Fourier transform and determination 
circuits 109 determine delay detection processing. P/S converter 
110 converts a plurality of signals from determination circuits 109 
to a single signal and S/P converter 111 extracts important 
information from the output of P/S converter 110. 

Then, the transmission/reception operations of the 
conventional apparatus with such a configuration are explained. 

After important information is inserted by P/S converter 101, 
the transmission data is converted to a plurality of signals by S/P 
converter 102. The plurality of signals from S/P converter 102 are 
subjected to primary modulation by mapping circuits 103. The 
primary-modulated signals are subjected to inverse Fourier 
transform processing by IFFT circuit 104. The signals subjected to 
inverse Fourier transform processing by IFFT circuit 104 are 
converted to a digital signal by D/A converter 105 and transmitted. 

The reception signal is converted to an analog signal by A/D 
converter 106 and then subjected to Fourier transform processing by 
FFT circuit 107. The signals carried by subcarriers after Fourier 
transform processing are subjected to delay detection processing by 



delay detectors 108. The signals subjected to delay detection 
processing are determined by determination circuits 109 and sent to 
P/S converter ilO. A plurality of signals from determination 
circuits 109 are converted to a single signal by P/S converter 110 
and sent to S/P converter 111. S/P converter 111 extracts 
retransmission information and reception data from the single 
signal . 

In this way, by the transmitter inserting important 
information into the transmission signal, and the receiver 
extracting important information from the reception signal and 
carrying out reception processing based on the extracted important 
information, the receiver can receive the signal transmitted by the 
transmitter correctly. This allows a smooth communication between 
the transmitter and receiver. 

If retransmission information is taken as an example of 
important information, by the transmitter inserting retransmission 
information into the transmission signal and the receiver 
extracting the retransmission information from the reception 
signal, the receiver can send an appropriate retransmission command 
to the transmitter. That is, the receiver can send back a signal 
with information carried on a control channel indicating which cell 
of which burst had an error. 

However, the conventional apparatus has problems as shown 
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below. That is, in the conventional apparatus, as the transmission 
efficiency is improved, the channel quality deteriorates, and the 
more the transmission efficiency is improved, the higher the 
probability that the receiver will not correctly receive the signal 
(for example, important information and transmission data) sent by 
the transmitter is. That is, the higher the transmission 
efficiency, the worse the error rate characteristic of important 
information in the receiver. As a result, it will be difficult for 
the receiver to maintain correct reception and it will be difficult 
to maintain a normal communication between the transmitter and 
receiver as a whole. 

Here, suppose the modulation system is changed from QPSK to 
8PSK to improve the transmission efficiency. 

In 8PSK, one symbol is expressed with 3 bits. As shown in 
FIG. 2, in the first bit, "0" and "1" are switched round every 180 
degrees on an I-Q plane; in the second bit, "0" and "1" are 
switched round every 90 degrees on the I-Q plane; and in the third 
bit, "0" and "1" are switched round every 45 degrees on the I-Q 
plane. That is, every time the number of bits increases, the phase 
likelihood becomes half the phase likelihood of the preceding bit. 
Therefore, the phase likelihood of the third bit becomes half the 
QPSK phase likelihood, and thus errors occur most frequently in the 
third bit. 
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Here, when retransmission information is used as important 
information if the error rate characteristic of retransmission 
information in the receiver deteriorates as described above, the 
transmitter retransmits this retransmission information more 
frequently, which makes longer the time until the communication is 
completed. Normally, there is a limit to the number of 
retransmission times of certain information and if retransmission 
is not completed within this limit, error correction is not carried 
out for this information. This makes it impossible to maintain a 
normal communication when carrying out a communication, which 
requires an optimal error characteristic such as image 
communication . 

Moreover, when information indicating the current modulation 
system is used as important information, if the error rate 
characteristic of this information deteriorates on the receiving 
side, it is difficult for the receiving side to recognize the 
modulation system used by the transmitting side, making it 
impossible for the receiver to receive the signal transmitted by 
the transmitter. This makes it impossible to maintain a normal 
communication between the transmitting side and receiving side. 

Summary of the Invention 
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The present invention has been implemented taking account of 
the situations described above and it is an objective of the 
present invention to provide a transmission/reception apparatus 
that will improve the transmission efficiency while maintaining the 
transmission quality of important information. 

This objective is achieved in a modulation system that 
expresses 1 symbol of 8PSK or 16PSK, etc. using 3 or more bits by 
placing information selected from all information to be 
communicated on at least one of the first bit or second bit only. 

Brief Description of Drawings 

FIG.l is a block diagram showing a configuration of a 
conventional OFDM transmission/reception apparatus; 

FIG. 2 is a schematic diagram showing an I-Q plane when 8PSK 
modulation is used in the conventional OFDM transmission/reception 
apparatus ; 

FIG. 3 is a block diagram showing a configuration of a 
transmission/reception apparatus according to an embodiment of the 
present invention; f 

FIG. 4 is a schematic diagram showing a layout of important 
information according to the conventional transmission/reception 
apparatus ; and 

FIG. 5 is a schematic diagram showing a layout of important 
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information of the transmission/reception apparatus according to 
the embodiment of the present invention. 

Best Mode for Carrying out the Invention 
( Embodimen t ) 

With reference now to the attached drawings , an embodiment of 
the present invention is explained in detail below. 

The transmission/reception apparatus according to an 
embodiment of the present invention places important information on 
at least one of the first bit or second bit only in an OFDM-based 
radio communication that uses 8PSK as the modulation system and 4 
carriers for transmission. 

The transmission/reception apparatus according to the present 
embodiment is explained with reference to FIG. 3 to FIG. 5 below. 
FIG. 3 is a block diagram showing a conf iguration of the 
transmission/reception apparatus according to the embodiment of the 
present invention. FIG. 4 is a schematic diagram showing a layout of 
important information of the conventional transmission/reception 
apparatus using 8PSK modulation. FIG. 5 is a schematic diagram 
showing a layout of important information of the 
transmission/reception apparatus according to the embodiment of the 
present invention. 

In FIG. 3, important information is converted to a plurality 
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(here 4) of signals by S/P converter 301. Transmission data is 
converted to a plurality (here 4) of signals by S/P converter 302. 

Here, important information refers to a kind of information 
normal communication of which is likely to be difficult to be 
maintained if the other end of communication has a poor error rate 
characteristic during reception. Examples of the important 
information above can be retransmission information or control 
information. Examples of control information can be information 
indicating bursts in a communication frame that the other end of 
communication should receive, information indicating the current 
modulation system during adaptive modulation, information that the 
other end of communication uses to distinguish a signal from the 
transmission/reception apparatus according to the present 
embodiment from other interference signals and information 
indicating which burst in a frame the other end of communication 
will receive. 

Here, S/P converter 301 places important information on at 
least one of the first or second bit only. Here, suppose the 
important information is placed on the first bit only. This 
placement will be described in detail later . 

The important information and transmission data are 
primary-modulated by mapping circuits 303 and then subjected to 
inverse Fourier transform processing by IFFT circuit 304. The 



transmission data subjected to inverse Fourier transform are 
converted to an analog signal by D/A converter 305. This 
transmission signal is subjected to predetermined radio 
transmission processing and then transmitted via an antenna. 

On the other hand, a signal received via an antenna is 
subjected to predetermined radio reception processing and converted 
to a digital signal by A/D converter 306 and sent to FFT circuit 
307. FFT circuit 307 performs Fourier transform processing on the 
digital -converted reception signal- This allows a signal carried by 
each subcarrier to be extracted. Signals carried by the subcarriers 
are subjected to delay detection processing by delay detectors 308. 
The signals carried by the subcarriers and subjected to delay 
detection processing are determined by determination circuits 309. 
Determination circuits 309 output the reception signal by 
separating the first bit from other bits (that is, second bit and 
third bit) in the reception signal . 

The first bits of the reception signal are sent to P/S 
converter 310 and converted to a single signal. In this way, 
retransmission information is obtained from P/S converter 310 as 
reception data. On the other hand, the second bits and third bits 
of the reception signal are sent to P/S converter 311 and converted 
to a single signal. Thus, the reception data are obtained from P/S 
converter 311. 
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Here, the method of placing important information is explained 
with reference to FIG. 4 and FIG. 5. FIG. 4 shows a case in the prior 
art where important information is placed on all bits at a certain 
time on the time axis and FIG . 5 shows a case where important 
information is placed on the first bit only. In the present 
embodiment , transmission is performed with important information 
placed on the first bit only as shown in FIG. 5. 

In the case of 8PSK, one symbol is expressed with 3 bits as 
shown in FIG. 2. As is clear from FIG. 2, in the first bit. "0" and 
"1" are switched round every 180 degrees on an I-Q plane; in the 
second bit, "0" and "1" are switched round every 90 degrees on the 
I-Q plane; and in the third bit, "0" and "1" are switched round 
every 45 degrees on the I-Q plane. That is, every time the number 
of bits increases, the phase likelihood becomes half the phase 
likelihood of the preceding bit. 

Therefore, in the case of 8PSK, the phase likelihood 
successively decreases. on the first bit, second bit and third bit. 
The phase likelihood of the second bit is equivalent to the phase 
likelihood of QPSK. Therefore, as shown in FIG. 5, placing important 
information only on the first bit allows important information to 
be sent with high quality. 

Here, communication control based on important information is 
explained with reference to FIG. 3 again. Here, communication 
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control is explained for two cases when retransmission information 
is used as important information and when control information is 
used as important information. By way of example, a case where a 
first communication apparatus and second communication apparatus 
equipped with the transmission/reception apparatus shown in FIG. 3 
perform a radio communication is explained. 

First, communication control when retransmission information 
is used as important information is explained. The first 
communication apparatus extracts important information and 
reception data by carrying out the processing described above on 
the reception signal . The extracted important information and 
reception data are subjected to error detection processing. 

Of the important information or reception data, the data from 
which some error has been detected by the error detection 
processing above are sent to a retransmission instruction section 
(not shown in the figure) . The retransmission instruction section 
creates retransmission information to request retransmission of the 
data from which the error has been detected. That is, the 
retransmission instruction section instructs retransmission as 
communication control . 

The retransmission information created by this retransmission 
control section is input to S/P section 301 as important 
information. The transmission data containing this important 
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information are subjected to the processing above to become a 
transmission signal. This transmission signal is sent to the second 
communication apparatus . 

On the other hand, the second communication apparatus extracts 
important information and reception data by carrying out the 
processing above on the reception signal. The extracted important 
information and reception data are subjected to error detection 
processing. The important information contains retransmission 
information that the first communication apparatus requests for 
retransmission of predetermined data. This important information is 
sent to a retransmission instruction section (not shown in the 
figure) . The transmission data containing this important 
information is subjected to the processing above to become a 
transmission signal. This transmission signal is sent to the first 
communication apparatus . 

Furthermore , the first communication apparatus extracts 
important information and reception data from the reception signal 
in like manner. This important information and reception data are 
subjected to error detection processing likewise. Since the 
important information is sent placed on the first bit by the second 
communication apparatus , the important information becomes a signal 
with an optimal error rate characteristic. That is, the 
retransmission information resent by the second communication 
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apparatus as important information is extracted by the first 
communication apparatus without any error. 

As shown above, even if the reception data in the first 
communication apparatus contains some error, the first 
communication apparatus sends retransmission information requesting 
for retransmission of the data in which the error occurred as 
important information to the second communication apparatus . Since 
the second communication apparatus can receive important 
information without errors, it can recognize the retransmission 
request of the first communication apparatus correctly. 

Furthermore, the second communication apparatus sends the data 
retransmission of which was requested by the first communication to 
the first communication apparatus as important information, and 
thus the first communication apparatus can receive this important 
information correctly. Thus, the first communication apparatus can 
suppress the frequency of issuing a retransmission request again 
for the data retransmission of which was requested once. As a 
result, a normal communication is maintained favorably between the 
first and second communication apparatuses . 

Then, communication control when control information is used 
as important information is explained. In the first communication 
apparatus, various control information is input to S/P section 301 
as important information. As the various control information, 
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information indicating bursts in a communication frame to be 
received by the second communication apparatus, information 
indicating the current modulation system, or information used for 
the second communication apparatus to identify the signal sent from 
the first communication apparatus from among other interference 
signals, etc. is used. The important information above and 
transmission data are subjected to the processing above to become 
a transmission signal. This transmission signal is sent to the 
second communication apparatus . 

On the other hand, the second communication apparatus extracts 
important information and reception data from the reception signal 
by carrying out the processing above. The important information, 
that is, various control information is sent placed on the first 
bit by the first communication apparatus, and therefore is a signal 
with an optimal error rate characteristic. The extracted various 
control information is sent to a reception control section (not 
shown in the figure) . 

The reception control section performs reception control as 
communication control based on the extracted various control 
information. For example, if information indicating bursts to be 
received by the second communication apparatus is used in the 
communication frame as various control information, the reception 
control section sends a control signal instructing that processing 
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should be only performed on the bursts shown in the information 
above to each section shown in FIG. 3. Furthermore, if information 
indicating the current modulation system is used as various control 
information, the reception control section sends a control signal 
instructing that a demodulation system corresponding to the 
modulation system indicated by the information above should be used 
to delay detectors 308. 

As shown above, the first communication apparatus sends 
various control information to the second communication apparatus 
as important information and the second communication apparatus can 
receive this various control information without errors , thus 
enabling correct reception processing according to the instruction 
from the first communication apparatus. As a result, a normal 
communication is maintained favorably between the first and second 
communication apparatuses . 

Here, the case where the first communication apparatus sends 
various control information to the second communication apparatus 
as important information is explained, but it goes without saying 
that the second communication apparatus can also send various 
control information to the first communication apparatus as 
important information. 

As shown above, even if errors occur relatively more 
frequently on the third bit, placing important information on the 
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first bit prevents the quality of important information from being 
affected. As a result , the present embodiment allows the quality of 
important information even in 8PSK transmission to be maintained 
the same as that in QPSK transmission. This allows a normal 
communication to be maintained between the transmitter and 
receiver . 

For example, if retransmission information is used as 
important information, the transmitter places retransmission 
information on the first bit, and thus the receiver can maintain 
the error rate characteristic of retransmission information in an 
optimal condition. This can reduce the number of times the 
transmitter resends retransmission information, making it possible 
to maintain a normal communication even when carrying out 
communication requiring an extremely high error rate characteristic 
such as an image communication. 

Furthermore, if information indicating the current modulation 
system is used as important information, the transmitter places 
this information on the first bit, and thus the receiver can 
maintain the error rate characteristic of this information 
favorably. This allows the receiver to receive the signal sent by 
the transmitter correctly by using a demodulation system 
corresponding to the modulation system used by the transmitter. As 
a result, a normal communication can be maintained even in the case 
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where the adaptive modulation method is used. 

The present embodiment explains the case where important 
information is placed on the first bit, but if important 
information is placed on any bit other than the third bit, which is 
more susceptible to errors, for example, the second bit, the 
quality of important information can be maintained at a level at 
least equivalent to that in QPSK transmission. 

Furthermore, the present embodiment explains the case where 
important information is used as the information to be placed on 
the first bit or second bit. However, the present invention is not 
limited to this, but is also applicable to a case where information 
other than important information is used as the information to be 
placed on the above bits. That is, the information to be placed on 
the first bit or second bit can be selected from among all 
information to be sent (all information to be communicated) 
according to various conditions such as the level of importance. 

It goes without saying that the present invention is 
applicable not only to a case where only one piece of information 
is always used as the information to be placed on the above bits 
but also to a case where the information to be placed on the above 
bits is changed at any time according to various conditions . 

Furthermore, the present embodiment explains the case where 
8PSK is used, but the present invention is also applicable to a 
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modulation system in which one symbol is expressed with 3 or more 
bits, for example, 16PSK, 32PSK. etc., in like manner. 

Furthermore, the present embodiment explains the case with an 
OFDM-based communication, but the present invention is applicable 
regardless of the communication system. 

The transmission/reception apparatus of the present invention 
has a configuration comprising a modulator for modulating in such 
a way that one symbol is expressed using 3 or more bits and a 
placer for placing information selected from all information to be 
communicated on at least one of the first bit or second bit of a 
transmission signal . 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information selected from information to be 
communicated (for example, retransmission information, important 
information and transmission data. etc.) with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
improve the transmission rate of radio communication and maintain 
the quality of the information selected above as well. 

The transmission/reception apparatus of the present invention 
has a configuration in which the information is selected from all 
information to be communicated according to the level of 
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importance . 

The present invention can use information selected according 
to the level of importance (for example, information requiring an 
optimal error rate to maintain a normal communication) as the 
information to maintain optimal the error rate characteristic 
during reception, thus making it possible to maintain a normal 
communication even if the channel quality deteriorates for the 
purpose of improving the transmission efficiency. 

The transmission/reception apparatus of the present invention 
has a configuration comprising an extractor for extracting 
information from at least one of the first bit or second bit of a 
reception signal modulated according to a modulation system in 
which one symbol is expressed using 3 or more bits and a 
communication controller for performing communication control based 
on the extracted information. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention can 
extract information from the reception signal with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits and perform communication 
control based on the extracted information , making it possible to 
maintain a normal communication. 

The transmission/reception apparatus of the present invention 
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has a configuration in which the information is selected from all 
information to be communicated according to the level of 
importance . 

The present invention can perform communication control based 
on the information selected according to the level of importance 
(for example , information requiring an optimal error rate to 
maintain a normal communication, etc.), making it possible to 
maintain a normal communication even in a case where the channel 
quality deteriorates for the purpose of improving the transmission 
rate . 

The transmission/reception apparatus of the present invention 
has a configuration with the communication controller comprising a 
retransmission instructor for instructing the other end of 
communication to retransmit based on the information. 

The present invention instructs the other end of communication 
to retransmit using retransmission information placed on the first 
or second bit of the reception signal even in a case where the 
channel quality deteriorates for the purpose of improving the 
transmission rate, making it possible to maintain a normal 
communication . 

The transmission/ reception apparatus of the present invention 
has a configuration with the communication controller comprising a 
reception controller for performing reception control on the 



reception signal based on the information. 

The present invention performs reception control using 
information placed on the first or second bit of the reception 
signal even in a case where the channel quality deteriorates for 
the purpose of improving the transmission rate, making it possible 
to receive the reception signal correctly. This allows a normal 
communication to be maintained. 

The base station apparatus according to the present invention 
is equipped with a transmission/reception apparatus comprising a 
modulator for modulating in such a way that one symbol is expressed 
using 3 or more bits and a placer for placing information selected 
from all information to be communicated on at least one of the 
first bit or second bit of a transmission signal. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information with the quality equivalent to that in 
the case of using a QPSK modulation system in which one symbol is 
expressed with 2 bits, making it possible to improve the 
transmission rate of radio communication and maintain the quality 
of the retransmission information as well. 

The communication terminal apparatus of the present invention 
is equipped with a transmission/reception apparatus comprising a 
modulator for modulating in such a way that one symbol is expressed 
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using 3 or more bits and a placer for placing information selected 
from all information to be communicated on at least one of the 
first bit or second bit of a transmission signal. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information with the quality equivalent to that in 
the case of using a OPSK modulation system in which one symbol is 
expressed with 2 bits, making it possible to improve the 
transmission rate of radio communication and maintain the quality 
of the retransmission information as well . 

The base station apparatus according to the present invention 
has a configuration comprising an extractor for extracting 
retransmission information from at least one of the first bit or 
second bit of a reception signal modulated according to a 
modulation system in which one symbol is expressed using 3 or more 
bits and a retransmission instructor for instructing a radio 
station, which is the transmission source, to retransmit based on 
the extracted retransmission information using a control channel. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of extracting retransmission information with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
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eliminate the need to instruct for the third time, for example, a 
mobile station which is the radio communication destination, to 
retransmit , reducing communication load on the other end of 
communication . 

The communication terminal apparatus according to the present 
invention has a configuration comprising an extractor for 
extracting retransmission information from at least one of the 
first bit or second bit of a reception signal modulated according 
to a modulation system in which one symbol is expressed using 3 or 
more bits and a retransmission instructor for instructing a radio 
station, which is the transmission source, to retransmit based on 
the extracted retransmission information using a control channel. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of extracting retransmission information with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
eliminate the need to instruct for the third time, for example, a 
base station, which is the radio communication destination, to 
retransmit, reducing communication load on the other end of 
communication . 

The transmission/reception method of the present invention 
comprises a modulating step of modulating in such a way that one 



symbol is expressed using 3 or more bits and a placing step of 
placing information selected from all information to be 
communicated on at least one of the first bit or second bit of a 
transmission signal . 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information selected from information to be 
communicated (for example, retransmission information, important 
information and transmission data, etc.) with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
improve the transmission rate of radio communication and maintain 
the quality of the information selected above as well . 

The transmission/reception method of the present invention 
comprises an extracting step of extracting information from at 
least one of the first bit or second bit of a reception signal 
modulated according to a modulation system in which one symbol is 
expressed using 3 or more bits and a communication control step of 
performing communication control based on the extracted 
information . 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention can 
extract information from the reception signal with the quality 
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equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits and perform communication 
control based on the extracted information, making it possible to 
maintain a normal communication. 

As described above, in a modulation system such as 8PSK and 
16PSK in which one symbol is expressed using 3 or more bits, the 
transmission/reception apparatus of the present invention places 
information selected from all information to be communicated on at 
least one of the first bit or second bit only, making it possible 
to improve the transmission efficiency while maintaining the 
transmission quality of important information. 

This application is based on the Japanese Patent Application 
No.HEI 10-316417 filed on November 6, 1998 and the Japanese Patent 
Application No.HEI 11-220827 filed on August 4, 1999, entire 
content of which is expressly incorporated by reference herein. 
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MARKED-UP VERSION 
SPECIFICATION 



TRANSMITTING/RECEIVING DEVICE AND TRANSMITTING/RECEIVING METHOD 
Technical Field 

The present invention relates to a transmission/reception 
apparatus, and in particular, to a transmission/ reception apparatus 
for an Orthogonal Frequency Division Multiplexing system 
(hereinafter referred to as "OFDM transmission/reception 
apparatus 11 ) . 

Background Art 

A conventional OFDM transmission/reception apparatus is 
explained with reference to FIG.l below. FIG.l is a block diagram 
illustrating a configuration of a conventional OFDM 
transmission/reception apparatus . 

In FIG.l. parallel-serial converter (hereinafter referred to 
as "P/S converter") 101 inserts important information into 
transmission data. This important information refers to a kind of 
inf ormaLiim noj-iual communi c ation o f which is likely to b e difficult 
to be maintain e d information that is likely to make it difficult to 
maintain normal communication if the other end of communication has 
a poor error rate characteristic during reception. That is, the 
important information above is a kind of information requiring a 
better error rate characteristic than other information 
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(transmission data, for example) . 

An example of the important information above is 
retransmission information or control information, etc. 
Retransmission information refers to information retransmitted to 
the other end of communication according to a retransmission 
command issued by the other end of communication. Control 
information refers to information used for the user at the other 
end of communication to reliably receive an appropriate signal. 
Examples of control information can be information indicating 
bursts in a communication frame to be received by the other end of 
communication and information indicating the current modulation 
system during adaptive modulation, etc. 

Serial-parallel converter (hereinafter referred to as "S/P 
converter" ) 102 converts the transmission signal , which is the 
output of P/S converter 101, to a plurality (here 4) of signals. 

Mapping circuits 103 carry out primary modulation on the 
signals from S/P converter 102 and send the primary-modulated 
signals to Inverse Fast Fourier Transform (hereinafter referred to 
as "IFFT") circuit 104. IFFT circuit 104 performs inverse Fourier 
transform processing on the primary-modulated signals. D/A 
converter 105 converts the transmission signal, which is the output 
of IFFT circuit 104, to an analog signal. 

On the other hand, A/D converter 106 converts a reception 
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signal to a digital signal and sends it to Fast Fourier Transform 
(hereinafter referred to as "FFT") circuit 107. FFT circuit 107 
performs Fourier transform processing on the output signal of A/D 
converter 106. 

Delay detectors 108 perform delay detection processing on the 
subcarriers obtained by Fourier transform and determination 
circuits 109 determine delay detection processing. P/S converter 
110 converts a plurality of signals from determination circuits 109 
to a single signal and S/P converter 111 extracts important 
information from the output of P/S converter 110. 

Then, the transmission/reception operations of the 
conventional apparatus with such a configuration are explained. 

After important information is inserted by P/S converter 101, 
the transmission data is converted to a plurality of signals by S/P 
converter 102 . The plurality of signals from S/P converter 102 are 
subjected to primary modulation by mapping circuits 103 . The 
primary-modulated signals are subjected to inverse Fourier 
transform processing by I FFT circuit 104. The signals subjected to 
inverse Fourier transform processing by IFFT circuit 104 are 
converted to a digital signal by D/A converter 105 and transmitted. 

The reception signal is converted to an analog signal by A/D 
converter 106 and then subjected to Fourier transform processing by 
FFT circuit 107. The signals carried by subcarriers after Fourier 



transform processing are subjected to delay detection processing by- 
delay detectors 108. The signals subjected to delay detection 
processing are determined by determination circuits 109 and sent to 
P/S converter 110 . A plurality of signals from determination 
circuits 109 are converted to a single signal by P/S converter 110 
and sent to S/P converter 111. S/P converter 111 extracts 
retransmission information and reception data from the single 
signal . 

In this way, by the transmitter inserting important 
information into the transmission signal, and the receiver 
extracting important information from the reception signal and 
carrying out reception processing based on the extracted important 
information, the receiver can receive the signal transmitted by the 
transmitter correctly. This allows a smooth communication between 
the transmitter and receiver. 

If retransmission information is taken as an example of 
important information, by the transmitter inserting retransmission 
information into the transmission signal and the receiver 
extracting the retransmission information from the reception 
signal, the receiver can send an appropriate retransmission command 
to the transmitter. That is, the receiver can send back a signal 
with information carried on a control channel indicating which cell 
of which burst had an error. 



However, the conventional apparatus has problems as shown 
below. That is, in the conventional apparatus, as the transmission 
efficiency is improved, the channel quality deteriorates, and the 
more the transmission efficiency is improved, the higher the 
probability that the receiver will not correctly receive the signal 
(for example, important information and transmission data) sent by 
the transmitter is. That is, the higher the transmission 
efficiency, the worse the error rate characteristic of important 
information in the receiver. As a result, it will be difficult for 
the receiver to maintain correct reception and it will be difficult 
to maintain a normal communication between the transmitter and 
receiver as a whole. 

Here, suppose the modulation system is changed from QPSK to 
8PSK to improve the transmission efficiency. 

In 8PSK, one symbol is expressed with 3 bits. As shown in 
FIG. 2, in the first bit, "0" and "1" are switched round every 

180 degrees on an I-Q plane; in the 2nd second bit, "0" and "1" are 
switched round every SB 180 degrees on the I-Q plane; and in the 
3rd third bit, "0" and "1" are switched round every 45 .90 degrees 
on the I-Q plane. That is, every time the number of bits increases, 
the phase likelihood becomes half the phase likelihood of the 
preceding bit. Therefore, the phase likelihood of the 9xd third bit 
becomes half the QPSK phase likelihood, and thus errors occur most 
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frequently in the 9xd third bit. 

Here, when retransmission information is used as important 
information if the error rate characteristic of retransmission 
information in the receiver deteriorates as described above, the 
transmitter retransmits this retransmission information more 
frequently, which makes longer the time until the communication is 
completed- Normally, there is a limit to the number of 
retransmission times of certain information and if retransmission 
is not completed within this limit, error correction is not carried 
out for this information. This makes it impossible to maintain a 
normal communication when carrying out a communication, which 
requires an optimal error characteristic such as image 
communication . 

Moreover, when information indicating the current modulation 
system is used as important information, if the error rate 
characteristic of this information deteriorates on the receiving 
side, it is difficult for the receiving side to recognize the 
modulation system used by the transmitting side, making it 
impossible for the receiver to receive the signal transmitted by 
the transmitter. This makes it impossible to maintain a normal 
communication between the transmitting side and receiving side. 
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Discloaure o f Inv e nti o n Summary of the Invention 

The present invention has been implemented taking account of 
the situations described above and it is an objective of the 
present invention to provide a transmission/reception apparatus 
that will improve the transmission efficiency while maintaining the 
transmission quality of important information. 

This objective is achieved in a modulation system that 
expresses 1 symbol of 8PSK or 16PSK, etc. using 3 or more bits by 
placing information selected from all information to be 
communicated on at least one of the is-t first bit or 2nd second 
bit only. 

Brief Description of Drawings 

FIG .1 is a block diagram showing a configuration of a 
conventional OFDM transmission/reception apparatus; 

FIG. 2 is a schematic diagram showing an I-Q plane when 8PSK 
modulation is used in the conventional OFDM transmission/reception 
apparatus ; 

FIG .3 is a block diagram showing a configuration of a 
transmission/reception apparatus according to an embodiment of the 
present invention; 

FIG. 4 is a schematic diagram showing a layout of important 
information according to the conventional transmission/ reception 
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apparatus ; and 

FIG. 5 is a schematic diagram showing a layout of important 
information of the transmission/reception apparatus according to 
the embodiment of the present invention. 

Best Mode for Carrying out the Invention 
(Embodiment) 

With reference now to the attached drawings, an embodiment of 
the present invention is explained in detail below. 

The transmission/reception apparatus according to an 
embodiment of the present invention places important information on 
at least one of the Irst first bit or 2nd second bit only in an 
OFDM-based radio communication that uses 8PSK as the modulation 
system and 4 carriers for transmission. 

The transmission/reception apparatus according to the present 
embodiment is explained with reference to FIG. 3 to FIG. 5 below. 
FIG. 3 is a block diagram showing a configuration of the 
transmission/reception apparatus according to the embodiment of the 
present invention. FIG. 4 is a schematic diagram showing a layout of 
important information of the conventional transmission/reception 
apparatus using 8PSK modulation. FIG. 5 is a schematic diagram 
showing a layout of important information of the 
transmission/reception apparatus according to the embodiment of the 
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present invention. 

In FIG. 3, important information is converted to a plurality- 
there 4) of signals by S/P converter 301. Transmission data is 
converted to a plurality (here 4) of signals by S/P converter 302. 

Here, important information refers to a kind of information 
normal — c o mmunicati o n — of — w hich — rs — likely — to — be — difficult — to — be 
maintain e d information that is likely to make it difficult to 
maintain normal communication if the other end of communication has 
a poor error rate characteristic during reception. Examples of the 
important information above can be retransmission information or 
control information. Examples of control information can be 
information indicating bursts in a communication frame that the 
other end of communication should receive, information indicating 
the current modulation system during adaptive modulation, 
information that the other end of communication uses to distinguish 
a signal from the transmission/reception apparatus according to the 
present embodiment from other interference signals and information 
indicating which burst in a frame the other end of communication 
will receive. 

Here, S/P converter 301 places important information on at 
least one of the i-s-b first or 2nd second bit only. Here, suppose 
the important information is placed on the 1st first bit only. This 
placement will be described in detail later. 



The important information and transmission data are 
primary-modulated by mapping circuits 303 and then subjected to 
inverse Fourier transform processing by IFFT circuit 304 . The 
transmission data subjected to inverse Fourier transform are 
converted to an analog signal by D/A converter 305. This 
transmission signal is subjected to predetermined radio 
transmission processing and then transmitted via an antenna. 

On the other hand, a signal received via an antenna is 
subjected to predetermined radio reception processing and converted 
to a digital signal by A/D converter 306 and sent to FFT circuit 
307 . FFT circuit 307 performs Fourier transform processing on the 
digital-converted reception signal. This allows a signal carried by 
each subcarrier to be extracted. Signals carried by the subcarriers 
are subjected to delay detection processing by delay detectors 308. 
The signals carried by the subcarriers and subjected to delay 
detection processing are determined by determination circuits 309. 
Determination circuits 309 output the reception signal by 
separating the i-st first bit from other bits (that is, 2nd second 
bit and 3rd third bit) in the reception signal . 

The i*t first bits of the reception signal are sent to P/S 
converter 310 and converted to a single signal. In this way, 
retransmission information is obtained from P/S converter 310 as 
reception data. On the other hand, the 2nd second bits and 3xd 
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third bits of the reception signal are sent to P/S converter 311 
and converted to a single signal. Thus, the reception data are 
obtained from P/S converter 311. 

Here, the method of placing important information is explained 
with reference to FIG. 4 and FIG. 5. FIG. 4 shows a case in the prior 
art where important information is placed on all bits at a certain 
time on the time axis and FIG. 5 shows a case where important 
information is placed on the i&b first bit only. In the present 
embodiment, transmission is performed with important information 
placed on the irt first bit only as shown in FIG. 5. 

In the case of 8PSK, one symbol is expressed with 3 bits as 
shown in FIG. 2. As is clear from FIG. 2, in the i^t first bit. "0 M 
and "1" are switched round every 180 degrees on an I-Q plane; in 
the 2nd second bit, "0" and "1" are switched round every -90 180 
degrees on the I-Q plane; and in the 3rd third bit, "0" and "1" are 
switched round every 4B 90 degrees on the I-Q plane. That is, every 
time the number of bits increases, the phase likelihood becomes 
half the phase likelihood of the preceding bit. 

Therefore, in the case of 8PSK, the phase likelihood 
successively decreases on the is-t first bit, 2nd second bit and 3rd 
third bit. The phase likelihood of the 2nd second bit is equivalent 
to the phase likelihood of QPSK. Therefore, as shown in FIG. 5, 
placing important information only on the i-s-b first bit allows 
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important information to be sent with high quality. 

Here, communication control based on important information is 
explained with reference to FIG. 3 again. Here, communication 
control is explained for two cases, when retransmission information 
is used as important information and when control information is 
used as important information. By way of example, a case where a 
1st first communication apparatus and 2nd second communication 
apparatus equipped with the transmission/reception apparatus shown 
in FIG. 3 perform a radio communication is explained. 

First, communication control when retransmission information 
is used as important information is explained. The is-t first 
communication apparatus extracts important information and 
reception data by carrying out the processing described above on 
the reception signal. The extracted important information and 
reception data are subjected to error detection processing. 

Of the important information or reception data, the data from 
which some error has been detected by the error detection 
processing above are sent to a retransmission instruction section 
(not shown in the figure) . The retransmission instruction section 
creates retransmission information to request retransmission of the 
data from which the error has been detected. That is, the 
retransmission instruction section instructs retransmission as 
communication control . 
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The retransmission information created by this retransmission 
control section is input to S/P section 301 as important 
information. The transmission data containing this important 
information are subjected to the processing above to become a 
transmission signal. This transmission signal is sent to the 2nd 
second communication apparatus . 

On the other hand, the 2nd second communication apparatus 
extracts important information and reception data by carrying out 
the processing above on the reception signal. The extracted 
important information and reception data are subjected to error 
detection processing. The important information contains 
retransmission information that the i^b first communication 
apparatus requests for retransmission of predetermined data. This 
important information is sent to a retransmission instruction 
section (not shown in the figure) . The transmission data containing 
this important information is subjected to the processing above to 
become a transmission signal. This transmission signal is sent to 
the ts-t first communication apparatus. 

Furthermore, the i-st first communication apparatus extracts 
important information and reception data from the reception signal 
in like manner . This important information and reception data are 
subjected to error detection processing likewise. Since the 
important information is sent placed on the 3rs-fc first bit by the 
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2nd second communication apparatus, the important information 
becomes a signal with an optimal error rate characteristic. That 
is, the retransmission information resent by the 2nd second 
communication apparatus as important information is extracted by 
the l^t first communication apparatus without any error. 

As shown above, even if the reception data in the i^t first 
communication apparatus contains some error, the 1st first 
communication apparatus sends retransmission information requesting 
for retransmission of the data in which the error occurred as 
important information to the 2nd second communication apparatus . 
Since the 2nd second communication apparatus can receive important 
information without errors, it can recognize the retransmission 
request of the ir&b first communication apparatus correctly. 

Furthermore, the 2nd second communication apparatus sends the 
data retransmission of which was requested by the is-t first 
communication to the ist first communication apparatus as important 
information, and thus the first communication apparatus can 

receive this important information correctly. Thus, the ist first 
communication apparatus can suppress the frequency of issuing a 
retransmission request again for the data retransmission of which 
was requested once. As a result, a normal communication is 
maintained favorably between the 4«-t first and 2nd second 
communication apparatuses . 

14 



Then, communication control when control information is used 
as important information is explained. In the i-rt first 
communication apparatus, various control information is input to 
S/P section 301 as important information. As the various control 
information, information indicating bursts in a communication frame 
to be received by the 2nd second communication apparatus , 
information indicating the current modulation system, or 
information used for the 2nd second communication apparatus to 
identify the signal sent from the i^fe first communication apparatus 
from among other interference signals, etc. is used. The important 
information above and transmission data are subjected to the 
processing above to become a transmission signal. This transmission 
signal is sent to the 2nd second communication apparatus . 

On the other hand, the 2nd second communication apparatus 
extracts important information and reception data from the 
reception signal by carrying out the processing above. The 
important information, that is, various control information is sent 
placed on the i^rt first bit by the ist first communication 
apparatus, and therefore is a signal with an optimal error rate 
characteristic. The extracted various control information is sent 
to a reception control section (not shown in the figure) . 

The reception control section performs reception control as 
communication control based on the extracted various control 
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information. For example, if information indicating bursts to be 
received by the 2nd second communication apparatus is used in the 
communication frame as various control information, the reception 
control section sends a control signal instructing that processing 
should be only performed on the bursts shown in the information 
above to each section shown in FIG. 3. Furthermore, if information 
indicating the current modulation system is used as various control 
information, the reception control section sends a control signal 
instructing that a demodulation system corresponding to the 
modulation system indicated by the information above should be used 
to delay detectors 308. 

As shown above, the ist first communication apparatus sends 
various control information to the 2nd second communication 
apparatus as important information and the 2nd second communication 
apparatus can receive this various control information without 
errors, thus enabling correct reception processing according to the 
instruction from the 1st first communication apparatus. As a 
result, a normal communication is maintained favorably between the 
Ir&t first and 2nd second communication apparatuses . 

Here, the case where the ist first communication apparatus 
sends various control information to the 2nd second communication 
apparatus as important information is explained, but it goes 
without saying that the 2nd second communication apparatus can also 



send various control information to the irt first communication 
apparatus as important information. 

As shown above, even if errors occur relatively more 
frequently on the 3rd third bit, placing important information on 
the i**b first bit prevents the quality of important information 
from being affected. As a result, the present embodiment allows the 
quality of important information even in 8PSK transmission to be 
maintained the same as that in QPSK transmission. This allows a 
normal communication to be maintained between the transmitter and 
receiver . 

For example, if retransmission information is used as 
important information, the transmitter places retransmission 
information on the tst first bit, and thus the receiver can 
maintain the error rate characteristic of retransmission 
information in an optimal condition. This can reduce the number of 
times the transmitter resends retransmission information, making it 
possible to maintain a normal communication even when carrying out 
communication requiring an extremely high error rate characteristic 
such as an image communication . 

Furthermore, if information indicating the current modulation 
system is used as important information, the transmitter places 
this information on the first bit, and thus the receiver can 

maintain the error rate characteristic of this information 
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favorably. This allows the receiver to receive the signal sent by 
the transmitter correctly by using a demodulation system 
corresponding to the modulation system used by the transmitter. As 
a result, a normal communication can be maintained even in the case 
where the adaptive modulation method is used. 

The present embodiment explains the case where important 
information is placed on the i-st first bit, but if important 
information is placed on any bit other than the 3ird third bit, 
which is more susceptible to errors, for example, the 2nd second 
bit, the quality of important information can be maintained at a 
level at least equivalent to that in QPSK transmission. 

Furthermore, the present embodiment explains the case where 
important information is used as the information to be placed on 
the tst first bit or 2nd second bit. However, the present invention 
is not limited to this, but is also applicable to a case where 
information other than important information is used as the 
information to be placed on the above bits. That is, the 
information to be placed on the i*t first bit or 2nd second bit can 
be selected from among all information to be sent (all information 
to be communicated) according to various conditions such as the 
level of importance . 

It goes without saying that the present invention is 
applicable not only to a case where only one piece of information 

18 



is always used as the information to be placed on the above bits 
but also to a case where the information to be placed on the above 
bits is changed at any time according to various conditions . 

Furthermore, the present embodiment explains the case where 
8PSK is used, but the present invention is also applicable to a 
modulation system in which one symbol is expressed with 3 or more 
bits, for example , 16PSK, 32PSK. etc., in like manner. 

Furthermore, the present embodiment explains the case with an 
OFDM-based communication, but the present invention is applicable 
regardless of the communication system. 

The transmission/reception apparatus of the present invention 
has a configuration comprising a modulator for modulating in such 
a way that one symbol is expressed using 3 or more bits and a 
placer for placing information selected from all information to be 
communicated on at least one of the first bit or £nd second bit 

of a transmission signal. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information selected from information to be 
communicated (for example, retransmission information, important 
information and transmission data. etc.) with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
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improve the transmission rate of radio communication and maintain 
the quality of the information selected above as well. 

The transmission/reception apparatus of the present invention 
has a configuration in which the information is selected from all 
information to be communicated according to the level of 
importance . 

The present invention can use information selected according 
to the level of importance (for example, information requiring an 
optimal error rate to maintain a normal communication) as the 
information to maintain optimal the error rate characteristic 
during reception, thus making it possible to maintain a normal 
communication even if the channel quality deteriorates for the 
purpose of improving the transmission efficiency. 

The transmission/reception apparatus of the present invention 
has a configuration comprising an extractor for extracting 
information from at least one of the ist first bit or 2nd second 
bit of a reception signal modulated according to a modulation 
system in which one symbol is expressed using 3 or more bits and a 
communication controller for performing communication control based 
on the extracted information. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention can 
extract information from the reception signal with the quality 
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equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits and perform communication 
control based on the extracted information, making it possible to 
maintain a normal communication. 

The transmission/reception apparatus of the present invention 
has a configuration in which the information is selected from all 
information to be communicated according to the level of 
importance . 

The present invention can perform communication control based 
on the information selected according to the level of importance 
(for example, information requiring an optimal error rate to 
maintain a normal communication, etc.)/ making it possible to 
maintain a normal communication even in a case where the channel 
quality deteriorates for the purpose of improving the transmission 
rate . 

The transmission/reception apparatus of the present invention 
has a configuration with the communication controller comprising a 
retransmission instructor for instructing the other end of 
communication to retransmit based on the information. 

The present invention instructs the other end of communication 
to retransmit using retransmission information placed on the 1st 
first or 2nd second bit of the reception signal even in a case 
where the channel quality deteriorates for the purpose of improving 
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the transmission rate, making it possible to maintain a normal 
communication . 

The transmission/reception apparatus of the present invention 
has a configuration with the communication controller comprising a 
reception controller for performing reception control on the 
reception signal based on the information. 

The present invention performs reception control using 
information placed on the i^t first or 2itd second bit of the 
reception signal even in a case where the channel quality- 
deteriorates for the purpose of improving the transmission rate, 
making it possible to receive the reception signal correctly. This 
allows a normal communication to be maintained. 

The base station apparatus according to the present invention 
is equipped with a transmission/reception apparatus comprising a 
modulator for modulating in such a way that one symbol is expressed 
using 3 or more bits and a placer for placing information selected 
from all information to be communicated on at least one of the 1st 
first bit or 2nd second bit of a transmission signal. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information with the quality equivalent to that in 
the case of using a QPSK modulation system in which one symbol is 
expressed with 2 bits, making it possible to improve the 
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transmission rate of radio communication and maintain the quality 
of the retransmission information as well . 

The communication terminal apparatus of the present invention 
is equipped with a transmission/reception apparatus comprising a 
modulator for modulating in such a way that one symbol is expressed 
using 3 or more bits and a placer for placing information selected 
from all information to be communicated on at least one of the i-s-t 
first bit or 2nd second bit of a transmission signal. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information with the quality equivalent to that in 
the case of using a OPSK modulation system in which one symbol is 
expressed with 2 bits, making it possible to improve the 
transmission rate of radio communication and maintain the quality 
of the retransmission information as well. 

The base station apparatus according to the present invention 
has a configuration comprising an extractor for extracting 
retransmission information from at least one of the i-st first bit 
or 2nd second bit of a reception signal modulated according to a 
modulation system in which one symbol is expressed using 3 or more 
bits and a retransmission instructor for instructing a radio 
station, which is the transmission source, to retransmit based on 
the extracted retransmission information using a control channel. 
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Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of extracting retransmission information with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
eliminate the need to instruct for the third time, for example, a 
mobile station which is the radio communication destination, to 
retransmit, reducing communication load on the other end of 
communication . 

The communication terminal apparatus according to the present 
invention has a configuration comprising an extractor for 
extracting retransmission information from at least one of the 1st 
first bit or 2nd second bit of a reception signal modulated 
according to a modulation system in which one symbol is expressed 
using 3 or more bits and a retransmission instructor for 
instructing a radio station, which is the transmission source, to 
retransmit based on the extracted retransmission information using 
a control channel . 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of extracting retransmission information with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
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eliminate the need to instruct for the third time, for example, a 
base station, which is the radio communication destination, to 
retransmit, reducing communication load on the other end of 
communication . 

The transmission/reception method of the present invention 
comprises a modulating step of modulating in such a way that one 
symbol is expressed using 3 or more bits and a placing step of 
placing information selected from all information to be 
communicated on at least one of the 3rs-b first bit or 2nd second bit 
of a transmission signal. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention is capable 
of transmitting information selected from information to be 
communicated (for example, retransmission information, important 
information and transmission data, etc.) with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits, making it possible to 
improve the transmission rate of radio communication and maintain 
the quality of the information selected above as well . 

The transmission/reception method of the present invention 
comprises an extracting step of extracting information from at 
least one of the ir^t first bit or 2nd second bit of a reception 
signal modulated according to a modulation system in which one 
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symbol is expressed using 3 or more bits and a communication 
control step of performing communication control based on the 
extracted information. 

Even with a modulation system such as 8PSK in which one symbol 
is expressed using 3 or more bits, the present invention can 
extract information from the reception signal with the quality 
equivalent to that in the case of using a QPSK modulation system in 
which one symbol is expressed with 2 bits and perform communication 
control based on the extracted information, making it possible to 
maintain a normal communication . 

As described above, in a modulation system such as 8PSK and 
16PSK in which one symbol is expressed using 3 or more bits, the 
transmission/reception apparatus of the present invention places 
information selected from all information to be communicated on at 
least one of the first bit or 2nd second bit only, making it 

possible to improve the transmission efficiency while maintaining 
the transmission quality of important information. 

This application is based on the Japanese Patent Application 
No.HEI 10-316417 filed on November 6, 1998 and the Japanese Patent 
Application No.HEI 11-220827 filed on August 4, 1999, entire 
content of which is expressly incorporated by reference herein. 



